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° This rulemaking proceeding is a critical part of the Commission’s mission ta glimiTte haryi
wireless competition to the local loop. As the Commission has noted, “changes in compensation *
arrangements are necessary if CMRS services “are to begin to compete directly againm HC wireline
services.” =3 fong

° AT&T supports the Commission’s tentative conclusion to adopt bill and keep-as.an interim
mechanism to govern CMRS - LEC interconnection. To recognize the mutual benefits inherent the LEC-
CMRS interconnection model, the Commission should broaden the scope of its bill and keep proposal to
apply to each carriers’ entire termination service -- i.e., extend bill and keep to cover access, switching and
transport between the end user and the tandem.

° Bill and keep is an appropriate interim compensation measure because the implicit charges for traffic
termination between CMRS and LEC networks provide a reasonable proxy to the actual incremental costs:

-- While today more CMRS traffic may terminate on the LEC network
then vice versa, it is also the case that it costs CMRS providers more to terminate
traffic on CMRS networks then it costs LECs to terminate traffic of their networks.
In these circumstances, bill and keep is a reasonable proxy on an interim basis for :
TSLRIC.

-- The Commission can expect that traffic flows will become essentially even after bill
and keep is adopted, since bill and keep removes a significant barrier to co-equal status
of CMRS providers and LECs.

-- In addition, bill and keep is appropriate because the likely real incremental costs
incurred by LECs to terminate a CMRS originated call is de minimis.

o As a long-term arrangement, the Commission should require LECs to set interconnection rates for
CMRS providers at total service, long-run incremental cost (“TSLRIC”). TSLRIC emulates that pricing that
would occur if the local telephone market was competitive and it prevents LECs from engaging in a “price
squeeze” by charging supra-competitive access rates.

L The FCC should exercise its plenary jurisdiction over interconnection and require LECs and CMRS
providers to comply with specific federal regulations for both interstate and intrastate traffic because:

-- a uniform national policy on LEC-CMRS interconnection, including compensation,
is essential to ensure the growth and development of wireless services;

-- Congress confirmed the FCC’s plenary jurisdiction over CMRS-LEC interconnection
when it enacted Section 332(c) in 1993,

-- Even apart for 332(c), the inseverable nature of interstate and intrastate wireless
transmissions justifies preemption of intrastate interconnection rates; and

-- Nothing in the Telecommunications Act of 1996 disturbs the Commission’s plenary
authority over these matters.



CMRS Flexibili

L AT&T strongly supports the Commission’s proposal to clarify that CMRS providers may offer
primarily fixed services on their wireless spectrum. This action will:

-- allow wireless providers to make the most efficient use of their facilities
-- enhance the options available to customers
-- allow the development of competition in the local exchange marketplace.

L The Commission should not limit the types of fixed services that CMRS providers may provide since
this could result in artificial regulatory distinctions that would not serve the public interest.

L Until and unless wireless networks incorporating fixed services have actually become a substitute for
wireline local loop service, the Commission should continue to regulate all wireless services provided by
CMRS licensees as CMRS.

° It is important for the Commission to quickly issue an order clarifying the ability of CMRS providers
to provide primarily fixed services.



Pursuant to Section 704(a) of the 1996 Act, no State may regulate the placement,
construction and modification of wireless service facilities on the basis of the
environmental effects of RF emissions if the facilities comply with FCC regulations on
such emissions. Pursuant to Section 704(b), the FCC is instructed to complete action in
its open RF standards docket item (ET 93-62) by August 6, 1996.

The Conference Report on this provision makes clear that Congress intended Section
704(a) to prevent State or local governments from basing their land use regulations and
decisions "directly or indirectly” on CMRS RF emissions. Congress intended the FCC to
be the sole regulator of CMRS RF emissions. This would preclude regulations designed
to ensure compliance with Federal standards which are not otherwise required by the
Federal rules such as periodic monitoring, fencing, signage, power limitations, etc.

The FCC should move quickly to adopt ANSI/IEEE C95.1-1992 as the exclusive Fedeta
RF standard. )

- the ANSI standard is widely accepted by experts in government (FDA,
OSHA, DOD), academia and industry. The standard was produced by a
120 member committee from over 14 scientific disciplines through a
consensus process open to public comment.

-- The FCC has already adopted the ANSI standard for PCS services. See
47 C.F.R. § 24.52. Many cellular carriers are voluntarily complying with
the ANSI standard to ensure safe facilities.

-- The ANSI standard includes implementation guidance and provides for
ongoing interpretation through a consensus process.

The only other standard being discussed, the 1986 NCRP standard, does not reflect
current scientific literature, was not the product of a broad-based consensus process, and
contains no implementation guidance or ongoing interpretation program. The NCRP
standard also includes a scientifically insupportable limit on low frequency modulation
that could imperil emerging wireless digital technologies.
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321 papers selected from the archival literature (Appendix A) was reviewed for biological,
enginesring, and statistical validity (see 6.3). It was agreed that only peer-reviewed -o-
ports of stadies at SAR < 10 W/kg, which had recsived favorable engineering und biol:g-
u%whmm:ummutmm.msmu
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human beings. A majority of the Risk Assessment Working Greup agreed that the liter-
ature is still suppertive of the ¢ W/kg criterien. Further, the ANSI 1982 safety fuetor of .0
was reaffirmed by Subesmmittes IV, yuHm.anfﬂ.‘“uﬂumhmbuu!ar
the MPE. The question then arcee of the need for two tiers of MPE (as adopted by NZRP, 1916
(BS2)) to distinguish ecsupational va. general public expesures.

To some, it would sppear attractive and logical to apply a larger, or different, 1afety fac-
tor wo arrive at the guide for the generai public. Supportive arguments claim subgreups >f
greater sensitivity (infants, the aged. the ill and disabled), petantially greater exposu-e
durstions (24-hr/day vs. 8-hr/day), adverse envirenmental conditions (excessive he.:t
and/or humidity), voluntary vs. mvolunury exposure, and paycholopcal/umouon al
futon that can range from n.nxxm to unmnu Noa-therm.

: ° rmmmu\ cxpuun evels s uld ke nfe for
all. nduh-atusmmfwmmunonthoohurvnm that no velisble scientific dara
exist indieating that:

(1) Certain suhgroups of the population are mere at risk than others
(3) Expesure dursation at ANSI C95.1-1983 levels is a signifieant risk,
(3) MMqu&huMu

No verified reports exist of injury to human beings or of adverse effests on the hesith «f
human beiags who have been exposed to elastremagnetic flelds within the limits of frv-
quency and SAR specified by previeus ANSI standards, insleding ANSI C95.1-1962:(B1 ..
In the premulgsation of revised guidelines, the respensibility of the current Subemmittes
IV is adherence to the scientific base of data in the determination of exposure levels tha¢
wﬂlhmmmlyforwmndmthmmht;m&rmpnwcu
large. The important distinetion is not the pepulatien type, but the nature of the exposurs
mm&%uwuhammmm“uﬁwh-dmni
exposure limits apply. When exposure is in an uncontrolled environment, however, a1
om;#fuhrhmﬂdmwwﬁnm&m&mim.butmnotlimiudu.
the following:

(1) Expesure in the resonant frequancy range, and
(2) Low-frequency exposure to slectric flelds where exposure is penetrating or coriplicate.
by aseesiated hasards like RF shocks or burns indueed by metal contacts.

As defined earlier, uncentrolled environments include the domicile and most piace:
where the infirm, tbonpd.nadehﬂdnnmlikolybho. It also includes the wark eavi-
ronment where empleyees are not specifically invelved in the operation or use of equip-
ment that does or may radiate significant elestromagnetic energy and where there are nc
MmemwwmmMansznmmumd
coutrolled environments may invelve exposure of the general public as well as occupa-
tienal persennel, e.g..mmntthmdnnmuebumobumﬁcnphﬁformnma
transmitting tower where analyses show the exposure may be above that shown in Table 2
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but is below thet in Table 1. Other expomire conditions inelude that of the radio amsieur whe:
veluntarily and knowledgesbly operates in a controlied RF envirenment.

At frequencies below 3 Milx, the MPEq, in terms of magnetic fields, have been relaxed tc
meve reassmably correspend to whole-body SAR limits. On the other hand, the MPEs, in
terms of E fleid, continus to be capped below 3 MHz in order to limit the possibility of reac
sions (shosks er burns) et the surface of the body that might oecur in E flelds of high
strength, especially under cenditions of spatial and temporal field concentration.
< In this standard, there sre extansive modifications of the averaging time for dster-
mining permissible expesure. At the upper frequencies, these rules agree with soundly-
based averaging times derived from optical considerations. At the lower frequenc.es, new
rules on induced currents have been introduced to prevent RFF shock or burn upon srasping
contact with an object in an RF environment. These rules supplement the limits on E and
H field exposure.

This standard is thus an extension of ANSI C95.1-1982 (B1], and incorporates many re-
finements that will serve to make the MPEs more useful in a greater variety of exposure

ituations. There remain areas, however, which the standard does not cover, ¢.g., :he pos-

exposure of the bedy to transient spark-discharge phenomena upon touching a lam
conducting object in an RF environment. Future research may provide the data base from
“’hleh quantitative rules for preventing adverse effects from such discharges can be

on the offects of chronic exposure and :poaﬂ‘tnm on the bologieal uﬁ}

cance of nonthermal interactions have not yet resulted in any meaningful basis for
alteration of the standard. It remains to be seen what future research may produce for con-
sideration at the time of the next revision of this standard. —

€.1 Recegunition of Whole-Bedy Rescnance. As is trus of ANSI C95.1-1982 (B1], the MPE in
this standard is based on ressmmendations of field strengths or of plane-wave-equivalent
power densities of incident fields, but these limits are based on wall established findings
that the bedy, as a whele, exhibits frequency-dependent rates of abserbing electromagnetic
energy (BS, B30, B31, BaS]. Whole-body-averaged SARs approach maximal values when
the leng axis of a body is parallel to the E-field vector and is four tenths of & wavelength of
the incident field. Maximal abserption oceurs at a frequency near 70 MHz for Stancard
Man (height = 175 cm) and results in an approximats seven-fold increase of absorption
relative te that in a 2480 M¥s fleld [B22, B27). In consideration of this dependency, recom-
mended MPEs of fisld strength have besn reduced across the range of frequencies in which
human bedies from infants te large adults axhibit whole-body resonance. Above 6 GHz, the
abserption is quasi-eptical and body resonanece considerations do not apply.

6.2 Incarporation of Desimetry. Dosimetry is the fundamental process of maasuring phys-
ical quantities of energy or substances that are imparted to an absorbing body {(B40, 1i41). In
1972, The National Council on Radiation Protection and Measurements (NCRP) coavened
Scientifie Committee 39 to deliberats and recommend desimetric quantities and units
applicable to slestromagnetic flelds (BS51]. In keeping with the NCRP recommendat ons, in
1982 the ANSI C96 Subcommittes [V adeptad the unit-mass, time-averaged rats of slectro-
magnetic energy absorption, as specified in units of watts per kilogram (Wrkg). The
quantity expressed by these units is termed the specific sheorption rate (SAR).

Formally defined, the SAR is the time rate at which radio-frequency electrom:gnatic
energy is imparted to an element of mass of a biolegical body. The SAR is applicable to any
tissue or organ of intevest (that is, can be applied to any macrescopic elemant of muss) or,
as utilized in ANS] C96.1-1963 (Bl], is expressed as a whole-body averags. Ideally, aoatom-
ical distributions of SARas weuld be used explicitly to formulate a guide in recognitivn that
absorption of electromagnetic energy from even the most uniform fisld can reiult in
highly variable anstomical depesitions of energy. It has been established [B31, B34, B35)
through thermographic analyses of models of rats and man, and cadavers of rabbits, that

%% TOTAL PAGE.BBQJ *x*
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Preface

This report is the second of a series concerning radiofrequency
electromagnetic (RFEM) radistion that constitutes an extension of
the NCRP interest into the subject of non-ionizing radiation. The first
report, NCRP Report No. 87, Radiofrequency Electromagnetic Fields—
Properties, Quantities and Units, Biophysical Interaction, and Mea-
surements, was published in 1981. The report provided a comprehen-
sive discussion of fundamentals, especially those that relate to redia-
tion protection. It provided the basis for future reports, including this
one.

Soon after the work on Report No. 67 was begun, the NCRP formed
Scientific Committee 53 to prepare a report on the biological effects
of RFEM radiation. This scientific committee was also requested to
consider the development of recommendations for exposure criteria if
the committee felt that such recommendations could be justified on
the basis of the adequacy of the biological information. The acientific
literature on the biological effects of RFEM radiation is voluminous
but of varying scientific quality, and it has taken considerable time to
assess it. On the basis of a detailed evaluation, which is reflected in
this report, the committee concluded that exposure criteria could be
developed in spite of the limitations of the biological information and
these too are included in this document.

It needs to be recognized that our understanding of the biological
effects of RFEM radiation is still evolving, based on comtinuing
research on this important subject. As a result, it is to be expected
that the exposure criteria set out in this report will be evaluated
periodically in the future, and poesibly revised as new information
e Gines avalaiie. Tius iv & cumiinuing coailenge ifor ihose invoived
in radistion protection and one to which the NCRP expects to mapond.

This report was prepared by Scientific Committee 53 on Biological
Rfarte and Fynnouen Ceitosin for Padiafromecncy Bloctonn

i aiey un..s'@(aﬁ;
Radiation. Serving on the Committee were:
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1. Introduction

The radio-frequency electromagnetic (RFEM) spectrum (Table 1.1)
is formally defined as waves that range in frequency from >0 to 3 X
10'* Hz (Sams, 1968; [TU, 1981). This report addresses the biological
effects of exposure to RFEM fields that range ixt frequency from 3 X
10 to 10" Hz and in in-vacuo wavelength from, respectively, 1000 to
0.003 meters. Included in this range are all shortwave and most
microwave frequencics. Waves jonger than 1000 m have lcuuring‘md
absorption properties with respect to the human body that tﬁ!l'er
greatly from those of waves that approximate the body's physical
dimensions; such waves should and will receive independent analysis
by other assemblies of experts. RFEM fields that lie near the upper
Jimit of the microwave spectrum (3 X 10" Hz), and fields of wes
higher frequency in the sub-millimeter spectrum (3 x 10" to 3 X 10
Hz), i.e., fields at wavelengths that range from 3 mm to 300 um, have
received relatively little study in the biological laboratory and are not
addressed in this report. However, exposure to far-infrared radiations,
which overlap the RFEM spectrum and are defined as wavelongths
from 300 to 20 um (frequencies from 10" to 1.6 X 10'"* Hz), has been
studied extensively in the laboratory and is covered by separate
exposure criteria, at least in the industrial sector.

The lack of quantitative data on the biological effects of RFEM
fields has resulted in widespread concern that such exposure poses the
risk of injury to health regardiess of intensity. Although thau are
several thousands of reports—scientific pspers, books, articles, and
newspaper accounts—of widely varying scientific quality M‘pmnt
data or opinion on the biological response to RFEM radiations, no
consensus has emerged regarding thresholds and mechanisms of injury
al specific absorption rates (SARe) below o fow watte ner kilneram
(W/kg). The wide variation in RFEM-radiation exposure criteria
around the world reflects this absence of consensus. An objective
ansivain nf the acientific litarsture and recommendations for exposure
limits by a qualified and unbiased group of experts is sorely neodod.

To address this need, the National Council on Radiation Protection
and Measurements (NCRP) decided in 1973 to extend its scope of
activities to the publication of reports that provide evaluations of the
biological effects of non-ionizing radiations and to the publication of

1
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2/ 1 INTRODUCTION

oo ____ TABLE L.i —Prequency bands of the RFEM spectrum*

Bend R ) 'I.' u.h
fusmber roquancy range subdivision Adjsctival desoription Acronym
e (waves)
1 >0 to 30 Hz - Sub-extremely® low  SELF*
2 30 to 300 He Megametric Extremely low ELF
3 03to3kHs - Voice freque
ney VF
4 030 kHz Myriametsic Very-low frequency VLF
6 30 to 300 ks Kilometric Low frequency LFr
6 03I MH:  Hectometric Medium froquency MF
7 3to 30 MHx Decametric High HF
8 3010300 MHy  Metric Very-high fre- VHP
Qisncy
9 0303GH:  Decimetsic Ultre-high fre- UHF
qQuency
10 116 30 CH: Centimetric Super-high fre. SHF
08 q‘m
11 3010300GHz  Millimetric Extrenmly bigh fre- EHP
12 03w 3ITH:  Decimillimetsic Supre-extremely SEHF
high frequency*

*From Same (1968), based on interaation ing participants §
lnl:m.ﬁoml Telecemmunications Unio':.(m..llmy trvolving 1o the
Band 1 is & designated band with official adjecti descripti ymbodl.
Suggested entries are shewn for this bln:.o ! on and s

*Band 12 i jocti ipth i
b has no official adjectival description. A sugpested entry is shown for this

pcommendntionn aimed at limiting exposures. Because there w

little standardization of quantities and units relating to thi:e ﬁoﬁm
because thofe was considerable confusion between ionizing and non-
ionizing r_uhation, the NCRP felt that, as a prerequisite to the report
on bnologx-:nl oﬂocu' and exposure criteria, a publication was needed
On properties, quantities, units, biophysical interactions, and measure-
ments relating to RFEM fields. This first report, NCRP Report No.

67, published in March 1981 (NCRP, 1981 ), provides a background on

the physical parameters and mechanisms of interacti
\ raction of RFEM
fields with matter, a background essential for the interpretation and

ndaenta
nno

erstanding of U present report. The complexity of the interaction

of these fields with biological systems makes it difficult W interprei

the large volume of literature on the subject, because a substantial ‘

fraction of the meeprch ronectod o (Lo iicraiure lacks the essentia)

quantitation diacussed in NCRP Report No, 67. The biological effects | ‘

of exposure to RFEM fields depend on many factors that complicate

1t INTRODUCTION / 3

the interpretation of the literature and the specification of appropriate
exposure limits.

Unlike ionizing radiation, RFEM rediation must be specified in
terms of carrier frequency, modulation, electric-field and magnetic-
field strengths (or power density when applicable), and zone of irra-
diation (near or far field). Also complicating the task of recommending
exposure guides is the fact that unrestricted exposure of the body to a
plane-wave or & multipath field at a given intensity can have results
far different from those of partial-body exposure at the same intenasity.
Unlike ionizing radiation, the spatially averaged field strength, de-
pending on the volume of space over which the fields are averaged,
may vary for a given body from practically zero to levels far exceeding
any proposed Jimit on exposure. This wide variation of field strengths
necessitates the use of exclusion clauses in the specified exposure
criteria, as discuseed in Section i7.

This report, which begins with a discuseion of fundamental studies
at the molecular level in Section 2, presents a review of the subject
matter covered in NCRP Report No. 67 on mechanisms of interaction
of RFEM fields with tissue. The discussion continues to progressively
larger scales of interaction, beginning with macromolecular and cel-
lular effects in Section 3, chromosomal and mutagenic effects in
Section 4, and carcinogenic effects in Section 5. The scope of the
subject matter is then expanded to include systemic effects such as
those on reproduction, growth, and development in Section 6, hema-
topoiesis and immunology in Section 7, endocrinology and sutonomic
nervous function in Section 8, cardiovascular effects in Section 8 and
cersbrovascular effects in Section 10. The discussion in Section 10
places strong emphasis on the blood-brain barrier, which hes received
considerable attention in recent years.

Another controversial area based on many conflicting reporta—the
interaction of electromagnetic fields with the central nervous system
and special senses—is discussed in Section 11, Some of the more
interesting and controversial effects that have received widespread
attention, such as frequency and intensity “windows,” are discussed.
Section 11 concludes with a discussion of neurological effects, which
includs the poiphenal swurvinuscuiur sysiem. Some of ibe more sen-
sitive biological end points, those associsted with behavior, are dis-
cussed in Section 12; these end points contrast greatly with the

annarently inesnoitive hinlamicn! andmoint of eatarastogenrsis &is
_cussed in Section 13. In Section 12, a thermoelastically medisted
interaction, which has received widespread attention over the past

decade, is discussed as an auditory neural effect, and it is a phenome-
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4 7/ INTRODUCTION

Report No. 67.

;u:led in Siaet;:lop 4. Themor'egulation is discussed in Section 15 and
e me:‘;pl:c_ ly mportang mb)eet because irradiation of an organism
e in hyper?hemm, which is responsible for many reported
. - Fiyperthermia, as such, is also extremely important because it

is drawn from reports varying i i cellen
g in quality fro
;me uiznuat be‘ aware that the data forming the L:is?)m c'::;ter alaz
ary in quality. Thus, value )lltt!nents had to be made conoerning the
that relata highly localized exposures of the b:lt:yo agfwhwpmmbm
ded':”wiz\”:ymmm the :t;lity of life and to public safety hu; to be
ommendi i i
‘d%:io: b e iny ng maximal energy-absorption levels in
e history of therapeutic applications of RFE

- - [ ] M r . in

reviewed in Section 16, is i'mportant because it covers ':lponodd.' "m::e:

tes. These ref; were origi
nally nbstr?cu daud 1982 or earlier, but, becn::n:l: mm-

:n‘):..w: llfbh n e arly 1963 as peer-reviewed rennrte o?.... ;nf“
hees inchided ay pme“rabio 1o the abstracts when it has beer wrasitl.
ndose Scion 15 Coniimsions sty mwncrs e
develonmante ‘::?f.l,f s n ord" to alert the reader about these new
references for thepe;lod‘;s)gja mgtgmhon are, of course, current

2. Mechanisms

2.1 Introduction

Interpretation of mechanisme of biological effects of RFEM fields
is clouded by a host of conflicting reports and opinions, especially
when incident fields are at intenaities that fail discernibly to elevate
the temperature of the in-vivo or in-vitro preparation. Even when
fields are at intensities associated with reliable elevations of the
temperature of the preparation, the possibility that observed effects
are due in part to field-specific events cannot be excluded. Direct
interactions by electric and magnetic fields with biological materials
not only are posesible but are demonstrable, both in vitro and in vive
(¢f. e.g., Saito and Schwan, 1961; Presman, 1970; Walcott et al, 1979).

There is an inherent difficulty in distinguishing and discriminating
between thermal and athermal® effects, a difficulty borne both of a
methodological problem and of faulty inference. When, for example, a
coraplex organism exhibits a behavioral or physiological response to
irradiation by an RFEM field, the phenomenological character of the
response provides no definitive leverage on which mechanism of three
posaible classes is operative: thermal, athermal (field-specific), or the
two in some combination. This threefold set of possibilities defines
the methodological—some would say epistemological —problem. The
issue of faulty inference is exemplified by the widely held view in the
bioelectromagnetics community that biological responses to weak
fields are a priori evidence of athermal causation. The hot tip of a
sroall soldering iron that made accidental contact with the epidermis
of an unsuspecting technician would result in a dramatic behavioral
response. An outside observer equipped with even the most sensitive
ot thermometric or calorimetric devices would be unable to detect the
average elevstion of body tempsrature or the quantity of cnergy
imparted by the brief contact—and if not aware of the instrument of

' A s skl Siite, FEAONTGG L0 B8 & T TSIG-BRAIK T CLIBLL, I8 0 LBGE IO BiifibUaine
to changes of temperatire when RFEM energy is imposed on or absorbed by « medjum
ot system. The term “athermal® is (o be prefarred over that of “non-thermal”. On the
basis of newer knowiedge, the above definition suparsedes thal in NCRP Report No, 67
(NCRP, 1081) where this effect is described as & non-thermal effect and s defined as a
change in a medium or system that is not directly associated with heat production when
electromagnetic energy is absorbed.
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6 / 2 MBCHANISMS

stimulation, would doubtiess interpret the response as an athermally
inspired event. This is not to argue that all “weak-field” responses are
provoked by thermal “hot spots”—although some so-called weak-field
effects are probably of thermal-hot-spot origin—only that the strength
of the incident field has no a priori bearing on the question of
mechanisms.

An ideal methodology in elucidating mechanisms of interaction is
one in which independently detectable thermal and field-specific re-
sponses are elicited from the same biological system by the same field.
Although this ideal has not been fully realized, Pickard and colleagues
have articulated testable theory, have developed novel techniques, and
have performed innovative experimentation that collectively exem-
plify the ideal approach (see, o.g., Pickard and Rosenbaum, 1978;
Pickard and Barsoum, 1981; Barsoum and Pickard, 1982a, b).

The biological specimens selected by Pickard and colleagues are
algae of the characean family, primitive plants with membranes that
exhibit excitability, action potentials, and graded responeses to me-
chanical or electrical stimulation (¢f Pickard, 1973; Pickard and
Barsoum, 1978). A single, elongate cell is maintained in a circulating
fluid medium in a holding device so constructed that part of the cell
can be exposed to an RFEM field while a distal part, not exposed, is

contacted by electrical recording electrodes. A burst of CW RFEM
energy st frequenciea ranging from tens of kilohertz to tens of gigahertz
has been found to elicit a relatively prolonged electrical response of
ostensibly thermal origin, one that persists for some seconds after a
burst of radiation is abeorbed. An earlier response, an offset of the
membrane's resting potential that occurs within a few milliseconds, is
a field-specific potential that is elicited by the burst of RFEM energy,
but only at carrier frequencies below 10 MHz (Pickard and Barsoum,
1981).

Ironically, the thermal basis of the prolonged response has not been
unequivocally demonstrated, but the early offset potential is unargu-
ably the result of non-linear—rectifying—properties of the characean
membrane. The quantity of absorbed energy required to elicit the
field-specific, offset response is relatively large, a requirement. alan in
il eariler demonstration of pearl-chain formations by Saito and
Schwan (1981). Were it not for ths contizuous couiing of the characeari
preparations by circulating fluids during periods-of irradiation, the
reemarstion wodkd be capidiy deuaiured by marked elevations of tem-
perature.

Although exemplifying an ideal experiment, the work on the char-
acean organism is of unknown generality. The data are extremely
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i b i that a field-specific
i t, however, in revealing uneqmvc.mllg.; .
;?}f:m and does attend exposure of a biological preparation to an

another class of athermal interactions, i.e., th,t obu;vned after acute
exposure to relatively very-low-intensity, !m\u:L . 9';'6 e an
shortwave and microwave fields (cf., 0.8, Bfwm c.c M chrten
¢ al., 1980; Adey, 1980). In experiments n which CBOHz
:prain,swene toCWﬁeldsorwﬁeld_smoduh‘mdum:”“d
an exodus of calcium ions (Ca’*)- fmm brain mm ‘;ll '
but only to modulated fields mthm a narrow o Wo(
centered near 16 Hz—and only within a narrow range bywbnin
densities. Because the average amount of o'uor(;'yhe cuptundm" brain
materials was held constant across frequencies, o n'Min oo
could not be responsible for t.he nloue .ot‘ (13: . The triguing
d ts are di in detail in Section 11. .
“Tsnmm of departure in the &umt:::l o:;::.lbln_:m, it ::: I;:
ted that there is ample evidence a teractl
:)tizlogicd materials are ::ti onlm:bloub;:t ;hl::e‘:on do-o:‘t:ag
lds both strong It m stated .
:ﬁ:)p?\;'ical mechanisms of thou athermal events are but poorly under

interactions. ' )
ml‘:r;nd:lition to the discussion on mechanis ms in t.hu section, further
discussion on mechanisms will be found in Section 11 on RFEM
interactions with the nervous system. While _tbin additional Munonw -
could have been incorporated in this section, it has been
Section 11 to maintain continuity there.

2.2 Mechanisms of Interaction with Biological Materials

No one debates the potency of thermal effects of RFBM m;adnhon
at high power densities (2100 mW/cm*). Controversy thmmrie’ (<16
over intcrpretations of mcchaniz:x.xs gt low power. st =10
mW/cm?) at which athermal biologwa'l'eﬁftfu !_mre beu\ !monltl‘_ onsten
fod. Tigulo Zi sumulalizcs Gila Gu divlouisic diﬁi)v‘l‘d\l&.)u. wu;;‘ bave
given rise Lo theories of interactions of RFEM fields v!nth matter. .

Schwan (1975, 1977) states that resonant interactions of biopoly

mers with electric fields are unlikely at frequencies below 100 GHz.
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Fig. 16.8. Dependence (relative to maximal value) of hyperemia on duration of
trestment. (From Lehmann, 1971.)

increased surface vasodilation, will prevent flow of thermal energy
into the deeper musculature. No increase in the flow of blood to deeper
tissues will result, and there may even be vasocomstriction to compen-
sate for the increased flow of blood near the body’s surface.

Nervous reflexes arising from surface heating of one part of the
body can lead to temperature increases in other parts of the body, ¢.g.,
in an opposite extremity, but these ATy are less pronounced than the
primary increases (Fischer and Solomon, 1965). Relaxation of striated
skeletal muscles may occur, and muscle spasms may be resolved by
surface heating because of reflexive nervous reactions from surface-
temperature receptors. Thus, in general, surface heating provides only
mild physiologic and therapeutic reactions, and any effects of the
deeper pathologic conditions are only reflexively mediated.

Bffective therapeutic heating of tissues below the skin, e.g., in the
subcutaneous layer of fat, by RFEM fields requires proper selection of
ficquency, appiicator, and input power so that the temperatures of the
deeper tissue can he raised to the optima! leve] of 44 to 45 °C within
a 5- t0 16-min period. The duration of the maximal tamperature can
ha contrclled by cdiucting the lupud puwes ievei. Jusy Lefore or whea
the temperature reaches the maximal level, vasodilatation will produce
a marked increase in blood flow that will limit the AT in tissues with
good vaacularity, which will be followed by a decrease in temperstures
from the peak value by several degrees Celsius. An exposure period of

20 to 30 min is generally required to produce optimal therapeutic
benefits.

17. Exposure Criteria and
Rationale

17.1 Background

In the early to middle 1950s, tentative efforts were made o establish
exposure criteria for RFEM fields to provide a margin of safety for
industrial populations. The data base needed to establish exposure
criteria and limits was almost non-existent from a biological point of
view, and only the preliminary, pioneering studies of energy sbeorption
and transfer processes by Schwan and students had been reported (¢f.,
e.g., Schwan and Piersol, 1964, 1955; Schwan and Li, 1953, 1966).
Because the evidence at that time supported the position that hagards
would arise only from heating of tissues by absorption of RFEM
energy, the general approach was to establish an exposure criterion
based on tolerable thermal loading. Participants in the first Tri-
Service Conference on the Biological Hazards of Microwave Radiation
(Pattishell, 1975) formally accepted for the first time a limit on
occupational exposure: a maximal power density of 10 mW/cm®, which
was applicable to military personnel at all “microwave frequencies.”
Several private corporations also established working limita on expo-
sure as operating guidelines, but it was not until 1966 that Committee
C95.1 of the American National Standards Institute (ANSI) estab-
lished a working subcommittee (Subcommittee C95-1V) to develop
exposure criteria. The limit proposed by this subcommittee was the
same as that prepared by the Tri-Service Commities in 1957 (a power
density of 10 mW /cm® at frequencies from 10 MHz to 100 GHz). In
1974. this standard was retained nnchanged avcant for minar revieion,
by the C96.1 committee. In 1982, ANSI promulgated a new revision
that incorporated recognition of substantial fréquency-dependent var-
iations in rates of energy transfer to the buman body from an RFEM
field (ANS] C96.1-1982). The limits of the new standard, which are
summarized in Table 17.1, explicitly account for these variations.

ANSI standards are advisory only. The Occupational Safety and
Health Administration adopted the 1966 ANSI-C85.1 standard as an
exposure guide in the workplace (OSHA, 1971). However, in the
application of the OSHA regulations, two rulings by the OSHA Review
Commission, an independent agency, (1) that standards based on
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i/ 17. EXPOSURE CRITERIA AND RATIONALE

TABLE 17.1—ANSI 095 ;- 1982 protection guides: radiofrequency ebeciromagnetic

o ) radiation*®
Equivalent
P 1 power (Eloctric fisld)? (Mogueric
e density fiay
MHs nW/cm' V' Ay
g:j;o 100 4% 10t 25
, 900//° 4 % 10° (900/f %) 0.025(900//*
m 10 4x10° 0.028 "
1/300 4 x 10° (f/300) 0.025(
1600-100,000 60 C2x 10t 0.126 o
:Prom ANSI (1982).
nin:“m § cm or greater (rom any object in the field end averaged for any 0.1 b (8

* (Electric Field)*/1200x or 12x(magnetic field)?, whichever is greater.

“should” statements, which the regulstions are, are not enforceable
becgusot.heymldvimry.lnd&)thatahnurdnddn:gdbym
advisory standard cannot be the subject of a general duty citation, as
.cttemp.ud by OSHA to counteract the effect of the first ruling, resulted*
in the !mbility of OSHA to implement and enforce its non,-non' izing
:g\tltl:uom. In a 1882 Field Directive, OSHA affirmed, among other
a . [ * - [
mmnr:' pl;::y tjbeoe decisions of the OSHA Review Commission are jts
In 1975, the United States Air Force published a two-step f;
dependent standard, AFR 161-42, that specified mmmlém
levels of 50 mW/cm® at frequencies between 10 kHz and 10 MHz, and
:gvl;W/cm‘ at frequencies between 10 MHz and 300 GHx (USAF,
It is beyond the scope of this report to provide a lete cove
of proposed and current exposure criteria for countric:om:ther thlnz
l.Jm.tod S!Atan. As in other Western nations, these values range from
limits quite close to those recommended in the ANSI-1974 standard
(e.g., 10 mW/cm® in the Pederal Republic of Germany, in the United
Kingdom, and in the Netherlands), to values similar to the more
recent Swedish and Canadian standards (~1 mW/cm?). Among the
Eastern Eu{op.enn countries, the working levels for occupational ex-
posure are significantly lower than those of any ANSI standard. These
!l.mh;da are reviewed in a document published by the World Health
Organisation (WHO, 1001) I sumaiuasy, this document classifies
Eastern European standards in two groups. Group | is represented by
the standard of the Union of Soviet Socialist Republics, which specifies
a working-dey limit of 10 «W/iem? whisk sor b2 lgcicased (o i

mW /cm? for periods not exceeding a few minutes. The WHO Group-
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[ standards include those of the German Democratic Republic, Po-
jand, and Czechoslovakia. These countries have general-population,
continuous-exposure guides ranging from 10 to 100 uW/em®.

Clearly, varied opinion and philosophy underlies these widely rang-
ing standards for exposure to RFEM fields. It is also clear that, until
the promulgation of the ANSI-1982 standard, little consideration had
peen given by standard setting bodies in the United States to the role
of the carrier frequency of the radiating source in relation to the
deposition of energy within the body, and, hence, to a more accurate
assessment of biological effectiveness of the radiation.

17.2 Measurement and Units for RFEM Fields

The transfer of energy from the radiation field of an RFEM source
to & biological system, and the ultimate fate of that transferred energy
in terms of biological change in living tissue, is an extremely complex
problem. The details of field-body interactions have been presented at
length in a publication by NCRP Scientific Committee 38, Report No.
67, which is entitled Radiofrequency Electromagnetic Fields: Properties,
Quantities and Units, Biophysical Interaction and Measurements
(NCRP, 1981). Report No. 67 is a primary source on which the present
report is based with respect to determination of exposure guidance.
Indeed, it was also the basis upon which the ANSI standard was
developed.

17.2.1 Power Density and Field Strengths

NCRP Report No. 67 reviews the various means of measuring
RFEM fields and emphasizes thet there is little possibility of directly
measuring the absorption of energy by biological bodies at the cellular
Jevel. It is necessary to measure some characteristic of the incident
field, and from this to impute an energy deposition rete in the tissue
of interest. From the earlior portions of this section, it is evident that
all previous exposure criteria have characterized the field in units of
the power density of an equivalent far-field plane wave (in, o.g,
mW/cm? or W/m?). In some cases, mensurements of the electric-field
strength in V/m and/or of the megnetic-field strength in A/m have
also been used as exposure criteria (see Table 17.1). Because nearly
all devices available to measure radiation fields fundamentally measure
Lhe strength of the electric or the magnetic fiold, there is much to be
said for specifying exposure limita in these terms. The relation between
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274 / 17, EXPOSURE CRITERIA AND RATIONALE

the power density of a far-field plane wave and the strength of jtg
fields is simple:

S = EY/1200% = 12¢H®, (17.1)

where power density, S, 18 expressed in mW/cm? electric field
strength, E, is expressed in V/m, and magnetic field strength, H, iy
expressed in A/m.

17.2.2 Dosimetry

Although the frequency-dependent rate of RFEM energy absorption
by a biological body was not formally incorporated into exposure
guidelines until the advent of ANSI-1982 standard, this dependency
was discovered in the early 1960s by a Soviet scientist, V. A. Franke
(cf. Franke, 1961; Presman, 1970), who exposed models of human
beings to fields that simulated longwave, shortwave, and microwave
irradiation in the far field. These experiments were later confirmed
and extended by Gandhi and colleagues (cf., e.g., Gandhi, 1974, 1975b,
1980b; Gandhi et al, 1977; Durney et al., 1978; Gandhi et ol., 1979),
who performed analytical and experimental studies on models of
human beings in conjunction with experimental studies of amall ani-
mals. The primary factors that control rete of energy absorption were
l‘c.mnd to be the wavelength of the incident field in relation to the
dimensions and geometry of the irradiated organism, the orientation
of the organism in relation to the polarity of field vectors, the presence
of reflecting surfaces, and whether conductive contact is made by the
organism with a ground plane. The maximal rate of energy absorption
from a plane wave by the isolated, ungrounded mammal was found to

occur when its long axis is parallel to the vector of the electric field
and ita axial length approximates four tenths of the wavelength of the
incident field. Under these conditions, the organism exhibits reso-
nance, and its electromagnetic capture surface is larger by 2- to 3-fold
than is the area of its geometric cross section. The biological body,
therefore, conforms to predictions of antenna theory (Gandhi, 1974).
In addition, if the resonant target is electricallv grounded—which
roughiy haives the resonant frequency—or if other reflective surfaces

or objects are in proximity, the raie uf energy absorption can increase
to even higher levels. ~

7, it wake 0f slie pioneenng invesugations of Franke and Gandhi,
it came as no surprise when a sizeable number of studies of murine
and primate animals revealed that rates of energy absorption are more
reliable predictors of biological effects than are power densities of the
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incident field (see, e.g., Section 12). That measures of absorbed energy
are a prerequisite to valid scaling of strengths of incident fields at
different frequencies for predicting biological responses was recognized
early by the clinicians (Mittlemann et al,, 1941; see also Section 16),
but it was not until the late 1960s that a dosimetric approach to control
of RFEM radiations, comparable to that used in the fields of clinical
pharmacology and ionizing radiation, was introduced (Justesen and
King, 1970; Justesen et al, 1971; King et al, 1971; Johnson, 1976;
Justesen, 1975; NCRP, 1981; Guy, 1883). The mass-normalized time
rate of energy absorption (dose rate) and its time integral (energy
dose), as respectively specified in SI units of W/kg and J/kg, were
adopted by the NCRP, and are described in detail in NCRP Report
No. 67 (NCRP, 1981). The RFEM-energy dose was labeled Specific
Absorption (SA), and the dose rate was labeled Specific Absorption
Rate (SAR). This nomenclature, which is specifically applicable to
dosimetric measures of RFEM fields, was devised by NCRP as a more
suitable terminology than the generic terms of dose and dose rate,
which carry for many individuals connotations of ionizing radistion.

The SAR is defined as the time () derivative of incremental energy
(dW) abeorbed by an incremental mass (dm) contained in a volume
element (dV) of a given density (p):

d (d d [dW
SAR = & (d—m‘g) =3 (ﬁ) . (17.2)

The SA is the time integral of the SAR. NCRP Report No. 67 discusses
the SAR in detail and presents a comprehensive review of the physical
theory that underlies it.

17.2.2.1 Whole-Body Dosimetry. The SAR, as utilized in the ANSI-
1982 standard and in the present report is based, unless otherwise
noted, on the whole-body mass of the irradiated organism. The SA
values are similarly based and are implied, if not made explicit, by the
6-min period that is adopted for averaging the limiting SAR for
exposed workers. Thus, the limiting whole-body-averaged SA for any
6-min period of exposure is 144 J/kg for the SAR limit of 0.4 W/kg
(Sections 17.3 and 17.4.1). -

17888 Diliibuisve Dusirwiry. Tne SA and SAR are as appiicable
to the masa of individual body parts as they are to the total mass of
the organism, and, indeed, because rates of absorption of RFEM energy
can Aiffar radically within ¢he wclume of 2n organism, thers is bola
clinical and experimental utility in determining SAs and SARs in
discrete organs or tissues of interest. Distributive dosimetry was
pioneered by A. W. Guy (Guy, 1971b; Guy et al., 1968, 1974), who used
the thermographic camera in studies of biologically simulating models
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{“phantoms”) and of cadavers of laboratory animals. This work re
vealed that the distribution of SARs is a highly complex functiog o
many variables: carrier frequency; zone of irradiation; field isa.
tion; electrical properties of tissues; and mass, geometry, and women
tary orientation of the biological target. ‘
Because the distributions of absorbed energy across spec; fre-
quencies, and exposure environments are so highly variable, the whole-
body-averaged SARs and SAs have been adopted on practical grounds
88 the dosimetric measures of choice in regulatory practice and stang.
ard setting. Moreover, because ethical considerations dictate that
v'vh.ole-body dosimetric values must be estimated or extrapolated for
living human beings, the primary guides in limiting human exposures
toRFEMﬁal&mustbespeciﬁedineloctﬁcmdmumﬁcﬁ.u
atrengths (or in power densities in the case of exposure in the far field
of a plane wave). As such, the role of SAs and SARs is that of deriving
p?mhoible field strengths or power densities of incident Selds of

Moﬁng carrior frequency. In those cases in which it has been estab-

lished that there are highly intense, focal concentrations of absorbed

RFEM energy in the body (ie., eloctromagnetic “hot spots”), this

knowledge should superseds the whole-body value and lead to e

corresponding reduction in the permisaible ievel of exposure.

17.2.2.3 Caveats on Interpretation of Dosimetric Measures. Neither
the strength of the incident field nor the quantity of energy absorbed
from it by an organism has any a-priori warrant in the interpretation
of causal mechanisms. There has been an unfortunate proclivity by
some investigators to assume that the SAR and the rate of tissue
heating are physical identities. Although the consequence of the Sec-
ond Law of Thermodynamics is that the ultimate fate of absorbed
RFEM energy is thermalization of tissues, transient field-specific
effects have aiso been observed. A response by an organism to RFEM
radiation may have a thermal basis, an athermal basis, or a combined
basis. Determination of which of these three classes of causation is
operative in a given context rests upon appropriate experimentation
and inference, not on presumption.

The SAR is a practical tool by which one can make allowances for
the complex abeorbing and scattering properties of organiams as
exemplified by the large frequency-dependent variations in quaatities
of energy ahanrhad from 2 £512 2t & cuiwiani power density. Figure
l‘?.l (composite from Gandhi, 1979; Guy et al, 1978, 1983, abstract;
Lin ez ai, 1977, Chou and Guy, 1982) shows frequency-dependent SAR
curves of several prolate anharnide at o nawen: donsit . Uf 16 wW /e’
i the far field of a plane wave, These curves also demonstrate the

173 DEVELOPMENT OF THESAR / 277

Spactfic sbeorpgion rata. /vy

Frequency, W

Fig. 17.1. Average SAR meawured in prolate spheroids of various lengths, L, for
an exposure to a power denalty st 10 mW/cm" at various frequencics. These models are
ued (o simulate exposure of various experimental subjects in RFEM fialds (afler
Gandhi, 18979). The points identified by the letters &, b, ¢ and d indicate maximal
localised SAR levels based on measuremaents ¢s fellown: a and b, in models of lumsan
beings (Guy et ol,, 1978, 1983); c, in rata (Lin ¢t ol, 1977); and d, ia mice (Chou and
Guy, 1882.) The average basal metabolic rate (BMR) is shown by the lower dashed
horizontal line.
extreme differences in “worst-case” whole-body-averaged rates of en-
ergy deposition as a function of body dimensions. Given a length of
7.6 cm for the prolate spheroidal mode! of a 26-g mouse, the maximal
SAR (~12 W/kg) occurs near 1500 MHz. For the model of standard
man, & 176-cm prolate spheroid, the maximal SAR (~2 W/kg) oocurs
at approximately 70 MHz.

For the purpose of eatablishing exposure criteria in the following
sections, the SAR is a fundamental quantity. There is, however, no
intent to define exposure criteria solely in terms of SAR. Consideration
is also given to other factors where appropriate. These factors include
the possibility of severe devistion from uniformity of energy deposi-
tion, especially at the spectral extremes of frequency, as well as possible
modulation- and carrier-frequency-specific biological responses.

17.3 Development of the SAR Exposure Criterion

As discusser earlior in thia sastinn the shearplion aud Gedibuiion
of RFEM energy result in an extremely complex phenomenclogy that
is dependent on a body’s mass and shape, its orientation with respect

2 ¥du

3E. .

$37Iny3S SS3IT3IA m LiY Wodd <24@:31

*2'a O.

3051440

229,112 3544
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to field vectors, its electrical properties, and the electrical Properties
of the exposure environment. Because of the multiplicity of intcnctin‘
factors, exposure criteria must be established in a manner such thet
allowance is made for maximal amplification of biological effects g3 a
result of field-object interactions. Furthermore, the criteria should
take into account possible effects arising from unusual circumstances
in either the external environment of the individual (e.g., ambient
temperature and humidity) or the internal environment of the ind;-
vidual (e.g., hyperthermia, debility and disease).

The approach used by ANSI, in establishing exposure criteria that
eccount for the frequency dependence of the SAR, has been chosen ae
appropriste to follow, with particular emphasis on examination of the
domain of resonant frequencies of human beings from small infant to
large adult. Special attention is therefore paid to the biological effects
reported in the resonant-frequency region (30 to 300 MHz).

The body of scientific knowledge of biological effects of RFEM
irradiation, although containing several thousands of archival reports,
is fragmented: it is preponderantly based on acute exposures at rels-
tively few frequencies. ldeally, exposure-control guidelines would also
be based on a well-documented literature that reflects effects of chronic
irradiation of a variety of species across a wide spectrum of frequencies.
In spite of the shortcomings of the data, it is necessary to proceed

prudently with the process of exposure control through the setting of
standards, while exercising appropriate caution and fully informing
the worker and the public of the limits of knowledge.

It would be inappropriate to repeat here an in-extenso review of data
on RFEM radiations that have induced harmful effects in experimen-
tal animals, because the preceding sections have dealt with this subject
exhaustively. It is essential, however, to summarize information on
key end points that are useful in establishing exposure criteria. ,

The most important and directly useful data for the establishment
of criteria for limiting exposure to any nogious environment are, of
course, measurements and findings based directly on human beings.
Unfortunately, data of this type, which are epidemiological or clinical
in nature, are relatively few in number. The data that do exist have
been reviewed in Sections 14 and 16.

In the abeence of human data, it is necessary to turn to data on
subhumar species in full 1ealizaiivn that body dimensions and mass
have an enormous controlling influence on the SAR at a given fre-
wuuacy. [ is aiso Decessary 10 realize that direct extrapolation of
subbuman data to man is also fraught with problems because of specific
anatomical, physiological, and biochemical differences among species.

In the frequency range of primary interest, i.e., 30 to 300 MHz, and
also at higher (requencies in the microwave bands, a review of the

———— e
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data of the previous sections indicates that behavioral disruption
(Section 12) appears to be the most statistically significant end point
that oocurs at the lowest observed SAR.

The carrier frequencies associated with behavioral disruption range
from 400 MHz to 5.8 GHz. These studies were performed on species
ranging from laboratory rats to rhesus monkeys, and involved near-
field, far-field, multipath, and plane-wave fields, both CW and modu-
lated. In spite of marked differences in field parameters, thresholds of
behavioral impairment were found within a relatively narrow range of
whole-body-averaged SARs ranging from ~3 to ~9 W/kg. In contrast,
the corresponding range of power densities is 8 to 140 mW/cm*.

Thresholds of disruption of primate behavior were invariably above
3 to 4 W/kg, the latter of which has been taken in this report, as well
as by ANS], as the working threshold for untoward effects in human
beings in the frequency range from 3 MHz to 100 GHz. It is clear that
the laboratory-animal to human-being generalization over this wide
spectrum should be modified in light of any evidence of increased
susceptibility in specific frequency domains. (These specific domains
are noted in Section 11 and are accounted for later in this section.)
Having accepted a threshold of effect in terms of the whole-body-
averaged SAR, one must apply an appropriate margin of safety. This
safety margin has been taken as a factor of 10 for oocupational
populations, and the fundamental SAR exposure criterion of 0.4
W/kg is established for frequencies from 3 MHz to 100 GHz. The
fundamental criterion arrived at in this report, a whole-body-averaged
SAR of 0.4 W/kg averaged over any 6-min exposure period, does not
differ from that chosen by ANSI. Here, however, this value is proposed
as a limit only for occupationally exposed individuals, and new lowes
levels of averaged exposure are proposed for members of the general
population.

17.4 lnﬁlementation of Exposure Criteria
17.4.1 Occupational Exposure Criteria

Because measurements of incident fields in the working environ-
ment will nocsssanly e isede in wnuw vl fieid strengths or in the
more familiar unite of power density, it is necessary to provide expe-
sure criteria in these units. Furthermore, restatement of the exposure
guidelines in terme nf njane.swane. amijvolant power donzitics allows
clear expression of the frequency dependence of the average SAR. For
occupational exposures, this report proposes the adoption of a schedule
of frequency-dependent power denaities as shown in Figure 17.2, These
do not differ from the schedule given by the ANSI protection guides
in Table 17.1.
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Fig. 17.2. Criteria for exposure to RFEM fieids. Exposure, expressed in

(ar-flold power density (mW/cm?) for whole-body averaged SAR of 0.4 W/kg, ia shown
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17.4.1 10 17.4.9) and the criteria cannot be applied without reference to these conditions.

At frequencies from 30 to 300 MHz, which is taken as the resonant-
{requency domain for human beings from smallest child to tallest man,
under both grounded and ungrounded conditions, the criteria are
uhle.d to an equivalent far-field power density of 1 mW/cm®, & value
;h:l?“l,%ih the maximum whole-body averaged SAR to a level below

A g

To limit the maximal whole-body averaged SAR to 0.4 W /kg beyond
:hlxls range of frequencies (Figure 17.2), conversions are necessary, a4
ollows:

1. At frequencies above 300 MHz, a transitional reg; is
between 300 and 1500 MHz where the limiting poggrndon:'.t?nf:td
exposure is taken as the quotient of frequency in MHz divided
by 300 (//300). The resulting quotient expresaes the power den-
sity in units of mW/em?.

. ‘t fiayuoncies from 1500 MHz to 100 GHz, the power-density
limit is 5 mW/cm?,

At t‘requenme- below 30 MHz and above 3 MHz, a transitional

ragion {e Aefined whisv the ilwiving power denasity for exposure

is takenaftheq\mtientofm&videdbythesqumoftho

frequency in MHz (900//%). Again, the result of this calculation

is expressed in units of mW/cm?,

1o
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4. Below 3 MHz and above 0.3 MHz, the exposure criterion ex-
pressed in terms of power denaity is taken as 100 mW /em?, for
reasons that are discussed later.

The rationale for the stated recommendations is that the resulting
power density at any given frequency is roughly descriptive of the
inverse of the resonance curve in Figure 17.1. At the two extremes of
frequency, other considerations become important.

At frequencies below 3 MHz, energy deposition in the body decreases
directly with the square of frequency (Figure 17.1), and the power
density required to achieve a whole-body averaged SAR of 0.4 W/kg
is very large indeed. At these frequencies, the physical and physiolog-
ical effecta of the ambient electric field wil) dominate. Because the
effects of highly intense, low-frequency electric fields are associated
with surface interactions, the average SAR at potentially harmful
levels will fall to levels considerably below 0.4 W /kg. Figure 17.2 shows
a cross-hatched area for frequencies below 3 MHz where the strength
of the electric field is the limiting condition.

The recommended limits of exposure below 30 MHz, and perhape
at frequencies somewhat higher, apply to free-space exposure condi-
tions, 1.6., to conditions under which a person is not in contact with
any object including the ground. In fact, the limits are also based on
a person standing barefoot on the ground, this person having an
unrealistic average conductance of a homogenised body. For other
conditions, such as standing on the ground with insulation (e.g., shoes
or wooden floor) and being grounded by contact of the hand with a
grounded object (e.g., metal fence or pipe) or being grounded and
touching an insulated metallic object (e.g., truck or crane), these limits
should be lowered. For the first two conditions, the exposure limits
must be determined with the use of three criteria: (1) whole-body

average SAR (0.4 W/kg), (2) maximal Jocal SAR (8 W/kg) (see Section
17.4.6), and (3) RF burns at point of contact (200 mA). Limits for the
case of being grounded and touching an insulated metallic object can
be determined with the use of the same three criteria but only on a
case-by-case basis because the degree of hazard depends on the size of
the object. (See Section 17.6 for possible future considerations influ-
cuviny ihe criceria.)

1741V Dulecd or Contiiiewws Wuse (C3F) Bapusure, Time

Averaging for the Occupationally Exposed.

The biological data available for development of criteria were col-
lected from a wide variety of radiation sources. In addition to varying
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frequency, the duty cycle of the generators also varied widely from
CW to pulsed waves with large and small duty cycles. Because limiteq
data are available to establish the relation between the biologice|
effects of CW and pulsed sources, the decision has been made t,
continue the traditional usage of health-protection practices i coq.
trolling exposures to RFEM fields. This practice has been to

the power density over a period of 0.1 h (6 min), which serves to limjs
the mass-normalized quantity of energy imparted to the body to ag
SA of 144 J/kg. The same time-averaging period is recommended in
the ANSI-1982 standard.

17.4.2 General-Population Exposure Criteria

Previous efforts to-establish nationa! and international exposure
criteria have generally led to the publication of exposure guidelines
that are designed for application to individuals who are occupationally
exposed in a typical career pattern, i.e., 40 h per week and 50 weeks
per year. The ANSI-1982 standard recommends the same limits of
averaged exposure for the work place and for the general environment.
Such a uniform approach is not traditional and, in keeping with
NCRP’s practice of differentiating between occupational and general
populations, another set of criteria is recommended for the general
public.

The reasons for a twofold set of criteria can be stated as follows.
First, individuals exposed in the work place should be relatively well
informed of the potential hazards associated with their occupation.
Furthermore, these workers may have the opportunity to make per-
sonal decisions in regard to their exposure, based on the relative risk
as they perceive it. Individuals subjected to RFEM radiation outeide
the work place are generally unaware of their exposure, and further-
more, if they are aware, they rarely have the option to reduce their
level of exposure. Second, the population at large, some members of
which could be exposed continuously to RFEM fields, contains sub-
populations of debilitated or otherwise potentially vulnerable individ-
uals for whom there is presently inadequate knowledge to set firm
standards. For example, the sensitivity of aged individuals, of pregnant
fsuiates and ibeir concepu), of young infants, or of chronically ill

persons ia not knnwn. Third, heceuse the getcral population is much
larger than the occupational population, there are more persons at
wiak and honce, the piciporlivaais aumber oi persuns susceptible w
potential harm can be greater unless exposure of the general popula-
tion is kept at a lower level.
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For the reasons given above, it is recommended that there be an
averaged exposure criterion for the general public that is set at a level
equal to one-fifth of that of occupationally exposed individuals. 'l"ho.u-
fore, the whole-body averaged SAR for the general public for contin-
sous exposure should not exceed 0.08 W/kg. The rationale for the
reduction by a factor of 5 is based on the exposure periods of the two
populations, rounded off to one digit (40 work hours per week/168
hours per week = ~0.2). Implementation of this SAR in terms of
power density is shown in Figure 17.2 as a dashed line. l"or reasons of
prudence, considering the lack of knowledge of biological effects at
low frequencies, it is recommended that, for frequencies below 3 MHz,
the population exposure limit should continue to rise as shown, follo'.v-
ing the 900/f* relationship. However, the line of this relationship
intrudes into the frequency domain in which it is expected that hazards
are associated with surface-acting electric fields and other factors may
contro! the Jimits of exposure as described in Section 17.4.1.

17.4.3 Time Averaging for the General Population

The time base by which to average the limiting SAR for occupational
exposure is 0.1 h (6 minutes). For exposure of the general population,
an averaging period of 0.6 h (30 min) is recommended. The increased
stringency of the general-population limit allows this liberalization
with no significant additional risk because the population limit, along
with the 30-min time-averaging period, restricts the maximal SA to
the population during the 30-min period to a value of no larger than
that experienced during the 6-min time-averaging period of occupa-
tional exposure. Overall, the SA for the population remains at one-
fifth that of the occupational value. At the same time, the 30-min
time-averaging period is responsive to some special circumstances for
the public at large. Examples are transient passage by the individual
past high-powered RFEM sources, and brief exposure to civil telecom-
munications systems.

i7.4.4 Speciai Circumstances for Population Kxposure

It is recognized that there are special circumstances in which the
exposure: limita for the general ponulatinn mav unnacasaarily inhihit
activities that are brief and non-repetitive. For example, the presence
nearby of a number of emergency vehicles engaged in telecommuni-
cations might cause a brief exposure to fields at strengths above the
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general-population limit. Because only small groups of the Populstion
would be exposed under these conditions, and almost certainly not og
a repeated baasis, the occupational exposure levels are permitted fiy

ﬂ!?fh -::\36;,

]7-4.5 LO‘G“?IA R‘V")i}!l_"! Crf!c.-:'c

Exposure limits for RFEM radiation for the human population are
based to a great extent on data obtained from exposures of small
animals to plane waves. Under such conditions, it is relatively easy to
quantify the maximal rate of energy absorption by analytica) op
experimental means,

Although it ia not practical to quantify distributions of absorbed
anergy, except for a foew cases where special theoretical or
techniques can be employed, it has been demonstrated frequently thet
the maximal localized SAR typically reaches levels as high as 10 to 20
times the whole-body averaged SAR. It has also been found in analyses
of SAR distributions in models of human beings exposed to plane
waves that maximal SAR levels, as is the case in exposure of the small
animal, can reach 10 to 20 times the average value. It must then be
recognized that, for exposure criteria based on whole-body-averaged
SAR, such as those set out in this section, the maximal SAR in small
regions of the body may be as much as 10 to 20 times higher (Figure
17.1).

The only practical way to cope with localized and non-uniform field
exposures is to rely on the data base used to develop whole-body
exposaure limits. Then the bases for the criteria become quite simply
that the general provisions for limiting exposure to a plane-wave fleld
should not be violated: The occupational whole-body-averaged rate of

energy absorption during localized exposure or exposure to non-uni-
form fields should not exceed 0.4 W/kg, and anatomically localized
rates should not exceed those that are expected from a whole-body
exposure to a plane wave that results in an average SAR of 0.4 W/kg.

The plane-wave exposure levels allowed by the limit for occupational
exposure can be exceeded for a particular RFEM source, provided it
can be shown that, for any individual that might be exposed to
emissions from that source, the whole-body-averaged SAR does not
exceed 0.4 W/kg and the local average SAR does not exceed 20 times
the average, or 8 W/kg as averaged over a finite mass (one gram) of
tissue over any period of 0.1 hour.

By the same argument, the criterion for general-population, local-
ized exposure should allow no more than one-fifth the levels of SAR
allowed for occupational exposures. However, in the case of individuals

o H
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n the general population who use radio emitters of various kinds (e.g.,
hand-held transceivers, remote control devices, elc.), the exposures of
Hons indivichuale may ha genotey then the valucs ieovinmicinded fUr L
general population. Use of such devices is permitted, as a personal
Jecision by the individual, provided that the devices are designed and
used as designed so that the exposure of tha indivichial doae nevt avnoad
the recommended occupational guidelines and provided that, in using
the devices, the individual does not expose other persons above the
population guidelines,

It should be recognized that determination of whether a particular
RFEM source will meet these criteria poses technical difficulties, and
can be done only by a qualified person, a laboratory, or a scientific
body for a general class of equipment. It is not possible to determine
:onformity to the special criterion by means of a power density meas-
urement alone.

17.4.86 Mixed-Frequency Fields

Simultaneous exposure of a person to several sources of RFEM
radiation (e.g., from commercial AM, FM, TV broadcasts) is the rule,
each source radiating at a different frequency. Becauss the SAR
indexes the exposure limit (Figure 17.2 expresees equivalent far-field
power densities for a constant SAR), appropriately weighted power
densities are needed to reflect a complex radiation environment. The
combined power density that mests the criteria for mixed-frequency
fields is recommended to be the sum of the power densities at each
frequency:

Srm Sy + 83+ 8 + ... 5, (17.3)

where Sy is the combined power density, and S;, Ss, S5, and S, are the
power densities at the frequencies, £; (i = 1,2,3,. . . n), of eech RFEM
source, with the condition that

8, %, &

v 5 S Su
ALTL +L. L.+ L,.SI' (17.4)

where the Ls are the exposure limits at the respective frequencies.

17.4.7 Modulation

Elsewhere in this report (Section 11), effects of RFEM fislds under
low-frequency modulation on in-vitro and in-vivo preparations have
been discussed in detail. It is not known whether these effects pose a
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risk to health, but their reliability and their independent confirmation
in avian and mammalian species dictate the need for caution. Thar,
iure, a speciai circumstance exposure criterion has been provided ag
follows: If the carrier frequency is modulated at a depth of 50 porcent
or greater at frequencies between 3 and 100 Hz, the exposure criterja
for the geneial pupuiniiun shaii aiso apply to occupational exposures,

17.4.8 Power-Density Peaks

The time averaging of and the limits on power densities and SAR,
as provided in the criteria in this report preclude circumstances in
which excessive instantaneous peak-power levels can occur. There is,
therefore, no need LW specify a limit on peak power, as such.

17.4.9 Medical Use of RFEM Radiations

The propoeed exposure criteria are not applicable to medical appli-
cations of RFEM fields insofar as the patient is concerned, but are
applicable to medical and technical staff that use RFEM sousces in
diagnostic and therapeutic procedures.

17.8 Measurements of RFEM Fields

Some exposure standards (e.g., ANSI-1982) specify that measure-
ments of field strengths should be made at distances of § cm or more
from any object to avoid errors incumbent with scattering properties
of absorbing and reflecting objects in the RFEM field, and with
practical limitations of measuring instruments. For example, objects
immersed in an RFEM field at power densities below those specified
in the beginning of Sections 17.4.1 and in Section 17.4.3 can produce
a ecattered field of apparent intensity greatly exceeding that of the
primary source. Valid measurements of such scattered fields in prox-
imity to an object are difficult or are not possible because of the finite
size of the field sensor and because of the interaction of the field with
the object. In addition, the quantity of RFEM energy that can be
coupled from a scattered field to an exposed human being is small
compared with that from a primary source. ATthough it is beyond the
scope of this report to specify the measurement methodology needed
to apply the exposure criteria and, until more detailed guidelines are
available, it is recommended that measurements be made at a distance
of 5 cm or more from any object in the field.
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17.6 Considerations Possibly Inflaencing the Criteria
m une Future

This document 13 based on literature references published up
thrnugh the vear of 1089 Thooe coc 4w0 Gow sudiings i Lhe illecature
published after this date that could result in future changes in the
RFEM criteria. One finding concerns the possibility of RF burns or
excessively high, localized SAR occurring in the hands, wrists, or
ankles of persons coming in contact with grounded metallic objects,
and the other finding concerns a possible link between RFEM expo-
sures and the increased incidence of malignant tumors. Details are
discussed below.

17.6.1 RF Burns and High Localized SAR

Recent research on identifying hazards in the 10-kHz to 3-MHz
frequency range based on measurements of body impedance and in-
duced current in exposed, volunteer human subjects predicts that
potentially hazardous levels of body current and localized SAR may
occur for expoeures within the recommended guidelines of this report
at frequencies of 1| MHz or greater (Guy and Chou, 1982; Gandhi et
al,, 1985; Guy and Chou, 1965). The threshold current for RF burns
occurring on the finger due to contact with a conducting surface is 200
mA (Rogers, 1981), and the threshold SAR for vigorous and possibly
damaging local heating based on diathermy treatments is 50 to 120
W/kg (Guy et al., 1984). If the recommended standards based on the
10-kHsz to 3-MHz studies are extrapolated to 30 MHz as shown in
Figure 17.3, a maximum exposure level of 0.13 mW/cm® would have
to be imposed to prevent RF burns and to prevent the maximal SAR
from exceeding 8 W/kg for contact of the hand with any grounded
conductor during exposure in an extended field. Because the quasi-
static analysis used for the 10-kHz to 3-MHz range will become invalid
with increasing frequency in the range 3 to 30 MHz and as the whole-
body resonant frequency is approached, prediction of maximum per-
missible levels above 30 MHz would require more sophisticated models
for grounded contact exposures than now available.

17.6.2 RFEM Fields and Malignant Tumors

A report (Kunz et al, 1985) that was widely publicized in the news
media as linking RFEM fields with cancer, indicated that 18 out of
100 Sprague-Dawley rats exposed for life under specific-pathogen-free
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Fig. 17.3. Example of the exposure criteria in terme of electric field strength and
power density based on not exceeding the average-SAR (0.4 W/kg), maximal-SAR (8
W/kg) and RF-burn (200 mA) criteria for whole-body exposure in an extended RFEM
feld of a person insulated from the ground (by the material on which the person s
standing) but with s hand towching a grounded object (e.g., & metal fencs). The
extrapolation on the analysis of the data, obtained in the range between 10 kNz and 3
MHz, hes been made up to 30 MHz, but it is not appropriate becawuss present theory I
not adequate to describe the interactions with the field as the frequency increasss above
3 MHz and spproaches the whole-body resonant frequency. In this example, the RF-
burn condition becomes the limiting criterion and, at 30 MHz, it extrapolates to ~23
V/m or ~0.13 mW/cm’. (Note that the two SAR curves are not parallei to the RF-bum

curve because of the effect of increasing conductivity with frequency on the SAR.) (ARer
Guy and Chou, 1982, 1985,)

(SPF) conditions to 2.456-GHz pulsed fieids at SAR levels of 0.2 to 0.4
W/kg suffered from malignant neoplastic lesions. Only 5 out of 100
rats sham expoeed under identical conditions suffered from the same
lesions. The Mantel-Haenszel (M-H) analysis of the relative risk was
4.46 and the Chi-square test was 8.0 (p = 0.005, df = 1). The incidence
of neoplastic lesions in either group is within the range of incidences
reported for this strain of rat; only three tumors were present in rats
younger than 12 months (all in the sham exposed), and the incidence
rapidly increased after 18 months of age. The endocrine systom has
the highest incidence of neoplasia in the aging rats, as is to be expected
in this experimental animal.

However, the authors state in the report: “The low incidence of
neoplasia with no increase in any specific organ or tissue required the
data to be collapsed and statistically evaluated with respect only to

176 CONSIDERATIONS FOR FUTURE CRITERIA / 289

occurrence of the neoplasm, with no attention given to the area of
occurrence. This analysis indicated that neither group has an excess
of henign lesions, There ig atatictical nvidaras that the Licun udisbes
of primary malignancies was higher in the exposed animals than in
the aham axposed, but the biological significance of this difference ie
reduced by several factors. First, detection of this difference remsived
the collapsing of sparse data without regard for the specific type of
malignancy or tisaue of origin, Also, when the incidence of the specific
primary malignancies in the exposed animals is compared with the
specific tumor incidence reported in the literature, our exposed animals
had an incidence similar to that of untreated control rats of the same
strain, maintained under similar SPF conditions (Anver, Cohen, Lat-
tuada and Foster, 1982). It is important to note that no single type of
primary malignancy was enhanced in the exposed animals, From the
standpoint of carcinogenesis, benign neoplasms have considerable
significance under the assumption that the initiation process is similar
for both benign and malignant tumors. The fact that treatment groups
showed no difference in benign tumor incidence is an important
element in defining the promotion and induction potential of micro-

wave radiation for carcinogenesis. The collapsing of sparse data with-

out regard for tissue origin is useful in detecting possible statistical

trends, and the finding here of excess primary malignancies in the

exposed animals is provocative; however, when this single finding is

considered in the light of other parameters evaluated, it is questionable

if the statistical difference reflects a true biological activity (Werd,

1983).”

The information in this subsection emphasizes that additional work

in these important areas is required,
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The NCRP

The Natinnal Council on Badizticn lCivieciiun und ivieasurements

is a nonprofit corporation chartered by Congress in 1964 to:

1. Collect, analyze, develop, and disseminate in the public interest
information and recommendations about (a) protection against
radiation and (b) radiation measurements, quantities, and units
particularly those concerned with radiation protection; '

2. Provide a means by which organizations concerned with the
scientific and related aspects of radiation protection and of
radiation quantities, units, and measurements may cooperate for
effective utilization of their combined resources, and to stimulate
the work of such organizations;

3. Develop basic concepts about radiation quantities, units, and
measurements, about the application of these concepts, and about
radiation protection;

4. Cooperate with the International Commission on Radiological
Protection, the International Commission on Radiation Units
and Meeasurements, and other national and intemational orga-
nizations, governmental and private, concemed with radiation
quantities, units, and measurements and with radiation protec-
tion.

The Council is the successor to the unincorporated association of
scientists known as the National Committee on Radiation Protection
and Measurements and was formed to carry on the work begun by the
Committee.

The Council is made up of the members and the participants who
serve on the eighty-two scientific committees of the Council. The
scientific committees, composed of experts having detailed knowledge
and competence in the particular area of the committee’s interest,
drafl proposed recommendations. These are then submitted to the full
membership of the Council for careful review and approval before
being published.

The following comprise the current officers and membership of the
Council:

Officers
President Wannen K. SINCLAIR
Vice President S. JAMES ADELSTEIN
Secretary and Treasurer W. RocEr Ney
Assistant Secretary CaRL D. HosRLMAN

Assistant Treasurer JaMeEs F. BERG
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Currently, the following subgroups are actively engaged in formy.-

THE NCRP

lating recommendations:

Su- L
8C-3:

SC-18:

SC-18
8C-2%
SC-38:

SC-40;

8C-4:
SC-44:
SC-46:
8C-46:

SC-4T:
SC-48:
SC-62;
SC-83:

SC-b4:
SC-67:

Hasic Radistion Protection Criteria
Medical X-Ray, Blectron Beam and Gamma-Ray Protection
Knergies Up to 50 MeV (Equipment Performance and Use) " for
X-Ray Protection in Dental Offices
Btandards and Measurements of Radioactivity for Radiological Use
Radistion Exposure from Coneumer Products
Waste Disposal
‘Task Growp on Krypton-86
Task Group on Disposal of Accident Generatod Waste Water
Task Group on Disposal of Low-Level Waste
‘Tesk Greup on the Actinidea
Task Group on Xemou
Task Group on Definitions of Radioactive Waste Leveis
Biological Aspects of Radistion Protection Criteria
Task Group on Alomic Bomb Survivor Dosimetry
Subgroup on Biological Aspects of Dosimetry of Atomic Bomb Sur.

Natural Background Radiation

Radiation Associated with Medical Examinations

Radistion Received by Radistion Employees

Operational Radiation Safety

Task Growp 1 on Warning and Access Control Systems

Teak Group 2 on Uranium Mining and Milling— Radiation Sefety

T-:mg.ms ALARA for Occupat Exposed Individuals
Toup J on for ona ivi
Chinical Radiology v Ind .
Task Group 4 on Calibration of Instrumentation
Task Greup 5 on Maintaining Redistion Protection Records
Tk Group € on Radiation Protection for Allied Health Personnet
Tesk Qroup 7 on Emergency Planning
Instrumentation for the Determination of Dose Equivalent
Assssoment of Exposure of the Populstion
DMW uB':;:::dMn of Dose Distributions

Exposwce Criteria for Radiofrequascy Electre-
megnetic Radiation
Bioassay for Assesscnent of Conteol of Intake of Radionuclides
Internal Bmitter Standseds
Toask Group 2 on Respiratory Tract Model
Tosk Group 5 on Gastrointestinal Tract Models
Tosk Group 6 on Bome Probleme
Task Group 8 on Leukemia Risk
Taak Group § on Lung Cancer Risk
Task Group 10 on Liver Cancer Risk
Task Group 11 on Genetic Risk
‘Teak Group 12 on Strontiom
Task Group 13 on Neptunium
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Task Group 14 ou Placemtal Transfer

Task Group 16 on Uranium
8C-569: Human Radiation Bxposure Experience
a0t Moot Moo Culbiia
8C-63; Radistion Exposure Control in a Nuciear Emergency
RC-4: Radienuclides in the Bnvironment

Task Group 6 on Public Rxposure from Nuclear Power
Tusa Grvuy o un Scrvening iveis

Task Group 7 on Contaminated Soil as a8 S8ource of Radistion Bxpo-

nire
Task Group 8 on Ocean Dumping
8C-65: Quality Aseursnce and Accurscy in Radiation Protection Messure-

ments ,
8C-66: Blological Effects snd Bxposure Criteria for Ultrasound
SC-6T: Biological Effecta of Magnastic Fields
SC-68: Microprocessors in Dosimetry
SC-69; Blhicacy of Radiographic Procedures
S8C-70 mmmuwcmmmg
8C-11: Radistion Exposure and Potentially Related Injury
8C-14: Radistion Received in the Decontamination of Nuclear Facilities
8C-75: Guidance on Radiation Received in Space Activities
8C-76: Effects of Radiation on the Enmsbryo-Fetus
8C-7T: Guidance on Occupationsal and Public Exposure Resulting (rom Di-
agnostic Nuelear Medicine Procedures
8C-78: Practical Guidance on the Evaluation of Human Expoeures to Radi-
ofrequency Radietion
8C.79: Extremely Low-Prequency Electric and Magnetic Fiolds
8C-80; Radiation Biology of the Skin (Beta-Ray Dosimetry)
SC-81: Asssssment of Exposure from Therapy
SC-82: Control of Indoor Radon
Committees on Public Bducation
Study Group on Comparative Risk
Task Group on Comparstive Carcinogenicity of Pollutant Chemicals
Ad Hoc Group on Medical Bvalustion of Radiation Workere
Ad Hoc Group on Video Display Terminals
Task Force on Occupational Exposure Levels

In recognition of its responsibility to facilitate and stimulate coop-
eration among organizations concerned with the scientific and related
aspects of radiation protection and measurement, the Council has
created a category of NCRP Collaborating Organizations. Organiza-
tions or groups of organizations that are national or international in
scope and are concerned with scientific problems involving radiation
quantities, units, measurements, and effects, or radiation protection
may be admitted to collaborating status by the Council. The present



